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Abstract—Avatars are users’ digital representations in a 

virtual reality (VR) environment. As a core medium in VR, 

avatars may do more than merely represent users; they can 

actively transform learners’ perceptions, experiences, and 

learning effectiveness. To explore the current research progress in 

this domain, this systematic review synthesizes existing studies on 

avatar use in educational VR, focusing on application contexts, 

learning effects, underlying mechanisms, theoretical foundations, 

and design considerations. Data were sourced from three 

databases: Web of Science, IEEE Xplore, and Google Scholar. 

Following a rigorous screening process, 15 articles were included 

for analysis. The results indicate that avatars have been widely 

adopted across diverse educational contexts, including teacher 

training, language learning and medical education. They influence 

learning outcomes through three core mechanisms: cognitive, 

affective-motivational, and social interaction pathways. The 

reviewed studies are predominantly grounded in theories 

including embodied cognition, social presence, the illusion of body 

ownership, and the Proteus effect. Moreover, existing research 

particularly focuses on avatar visual presentation, interactive 

functionality, and socio-psychological aspects. This review 

provides a structured synthesis of existing evidence and offers a 

systematic reference to inform future design of avatars in VR-

based education. 

Keywords—Avatar, Virtual Reality (VR), Education, Systematic 

Review  

I. INTRODUCTION 

Virtual reality (VR) has become an increasingly important 
medium for delivering immersive learning experiences [1]. 
Within VR environments, avatars function as users’ digital 
representations [2], serving as an interface that connects learners 
with the virtual world, enables interaction, and supports the 
development of social presence [3]. It should be noted that some 

conference papers and prior studies use the term avatar in a 
broad sense to refer to any virtual entity embodied in a virtual 
environment, including those driven autonomously by computer 
programs. However, in a stricter conceptual sense, avatars and 
agents differ in terms of control mechanisms. Avatars are virtual 
entities directly controlled by human users in real time, 
representing the users themselves. By contrast, agents are 
autonomous virtual entities whose behaviors are driven by 
computational rules or artificial intelligence models rather than 
direct human control [4]. In this study, we adopt this control-
based definition to differentiate avatars from agents for 
conceptual clarity. 

Accumulating evidence suggests that avatars can assume 
multiple roles like teachers and peers. They have been widely 
implemented across educational contexts such as medical 
education, teacher training, and language learning [5], where 
they significantly influence learners’ cognitive, motivational, 
and social experiences [6]. Although a growing body of 
empirical research has examined the effects of avatar 
appearance and behavior [7], the literature still lacks a 
systematic synthesis integrating application scenarios, learning 
effects, underlying mechanisms, theoretical foundations, and 
design considerations. Therefore, this review aims to address the 
following four questions: (1) What application scenarios and 
learning effects of virtual avatars have been examined in VR-
based education? (2) Through which mechanisms do avatars 
influence educational outcomes? (3) What core theoretical 
frameworks underpin such research? (4) Which aspects of avatar 
design do existing studies focus on? 

II. METHOD 

This study follows a systematic search strategy with 
predefined inclusion and exclusion criteria, adhering to 
PRISMA guidelines for methodological rigor [8][9]. This work was supported by the Research Projects of the National 
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A. Search Strategy 

Three databases were selected for the literature search: Web 
of Science, IEEE Xplore, and Google Scholar. The search period 
covered the last decade and was set from January 2015 to 
November 2025. The search query combined the terms “Avatar 
and Education and Virtual Reality”. Exclusion criteria included: 
non-English articles, non-journal or non-conference articles, 
review papers, articles irrelevant to the topic, and articles 
published outside the 2015-2025 period. 

B. Selection of Studies 

Initially, 134 articles were identified from the selected 
databases. After removing 7 duplicate records, 127 unique 
articles remained. Following the PRISMA methodology, a two-
stage screening process was conducted. The first stage involved 
screening based on titles and abstracts to exclude articles 
evidently irrelevant to the research topic. In the second stage, the 
remaining articles underwent full-text review to further exclude 
those not meeting the inclusion criteria. After two rounds of 
screening, 15 articles were included. Figure 1 illustrates the 
selection process. 

 

Fig. 1. Flow chart of the study selection process. 

C. Data Analysis 

To address the research questions, this study adopted a 
qualitative thematic analysis approach. All included articles 
were subjected to an in-depth examination, during which 
relevant findings were coded, compared, and synthesized to 
identify recurring themes and patterns. 

III. RESULT 

A. Application Scenarios and Effects 

By analyzing the included papers, we identified four main 
scenarios where avatars are used in education. 

1) Language Learning 

In language learning, avatar applications primarily emerge 
in two scenarios. (1) As embodied extensions to promote 
experiential vocabulary memory. Fukushima et al. found that 
when learners actively controlled non-human avatars (e.g., a 
dragon) to perform embodiment actions in immersive VR, their 
long-term forgetting rates of English vocabulary significantly 
decreased compared to traditional flashcard methods [10]. 
Moreover, the retention strength of episodic memory positively 
correlates with vocabulary test scores, indicating that learner-
driven avatars effectively enhance vocabulary acquisition. (2) 
As creative media supporting role-playing and script writing. 
Chien demonstrated that learners using 3D avatars for role-
playing and creation reduced appearance anxiety, increased 
willingness and engagement in oral practice, and deepened 
understanding of language structures [11]. 

2) Teacher Training 

In teacher training, avatars are mainly applied in two 
scenarios: (1) Relational competence training: Lindberg found 
that simulating interactions with avatar students of diverse 
personalities improved teachers’ emotional recognition and 
communication skills [12]. (2) Classroom discussion and 
thinking stimulation training: Using avatars to simulate 
classroom discussion practices enhanced teachers’ listening, 
questioning, and idea-connecting skills, promoted dialogue 
depth and inclusivity. Ultimately, it enhanced the teachers’ 
teaching confidence and their instructional competence [13]. 

3) Medical Education 

Junga et al. compared two self-avatar designs and found that 
abstract green semi-transparent hands enabled faster task 
navigation and lowered entry barriers for novice learners, 
whereas realistic user-controlled hands significantly increased 
glove-wearing compliance during simulations [14]. These 
findings suggest that avatar realism differentially supports 
operational efficiency and the internalization of clinical 
behavioral norms, thereby shaping procedural adherence in VR 
medical training. 

4) STEM Education 

In programming learning, students utilized gender-matched 
and body-synchronized self-avatars within a VR environment to 
engage in programming through dance-based interactions. This 
embodied learning approach led to marked improvements in 
memory retention, conceptual understanding and multiple 
cognition, while also boosting task performance and fostering 
greater interest and confidence in computer science [15]. 

TABLE I.  AVATAR APPLICATIONS IN EDUCATION 

Avatar 

Role 

Medical 

Education 

Language 

Learning 

Teacher 

Training 

STEM 

Education 

Body 

Extension 
 [10]   

Creative 

Medium 
 [11]   

Simulated 

Students 
  [12][13]  

Virtual 

Hand 
[14]    

Self-Avatar    [15] 
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B. Underlying Mechanisms 

Based on an in-depth analysis of the literature, this review 
identifies three core mechanisms through which avatars 
influence learning effectiveness, revealing how avatars affect 
learners' internal states and processes to ultimately impact 
learning outcomes. 

1）Cognitive Mechanisms 

The analysis indicates that avatars influence retention and 
transfer by altering embodied cognition and cognitive load. On 
the one hand, avatars can strengthen embodied cognition, 
thereby deepening conceptual understanding and supporting 
knowledge transfer. For example, in programming learning, 
gender-matched self-avatars improved learners’ conceptual 
understanding and task quality, particularly at the remembering 
and understanding levels of Bloom’s taxonomy [15]. In 
immersive sign language learning, switching among diverse 
self-avatars enabled engagement with multiple contextual 
environments, facilitating transfer to authentic situations and 
enhancing long-term retention [16]. On the other hand, avatars 
may also introduce extraneous cognitive load. According to the 
Cognitive Affective Model of Immersive Learning (CAMIL), 
avatar-induced presence and immersion can indirectly influence 
cognitive load levels [17]. When avatar-related cues exceed 
learners’ processing capacity, they may function as additional 
cognitive demands rather than instructional support. Conversely, 
in cognitive tasks, the absence of self-avatars or gesture-based 
support restricts learners’ ability to offload mental effort through 
embodied interaction, leading to increased cognitive load and 
impaired task performance [18]. 

2）Affective-Motivational Mechanisms 

Avatars influence learning outcomes through multiple 
affective-motivational pathways, including enhancing 
motivation and interest, self-efficacy, and presence and 
immersion. Within the CAMIL framework, presence is 
conceptualized as a central psychological mechanism through 
which avatar-based environments foster intrinsic motivation, 
learning interest, and self-efficacy [17]. Empirical evidence 
supports this mechanism. Chien demonstrated that the use of 3D 
avatars in project-based comedy workshops significantly 
enhanced learners’ sense of presence and boosted their 
motivation by reducing appearance-related anxiety and creating 
an enjoyable, immersive role-play context [11]. Pre-service 
special education teachers reported significantly higher self-
efficacy after successfully managing instructional challenges 
through interactions with avatar students in simulated virtual 
classrooms [12]. 

3）Social Interaction Mechanisms 

Avatars enhance learning effectiveness in VR environments 
by facilitating collaborative interaction and social presence. 

For example, avatars promote active peer and learner-
environment interaction. In foreign language courses, learners 
engaged in avatar-mediated role-play dialogues to 
collaboratively complete scriptwriting and performances, which 
improved language expression and teamwork skills [11]. In 
teacher training, avatars simulated students’ responses during 
classroom discussions, enabling pre-service teachers to 

dynamically adjust questioning strategies and refine 
instructional skills through real-time interaction [13]. Falloon et 
al. demonstrated that avatars, by providing visible personas and 
immersive interactive environments, can enhance student 
engagement, foster collaboration, and support the development 
of higher order thinking skills [19]. 

Furthermore, avatars contribute to the formation of social 
presence. Lindberg’s study demonstrated that pre-service 
teachers, when interacting with avatar students exhibiting 
distinct personality traits, attended to non-verbal cues and 
adjusted their communication strategies accordingly, suggesting 
that avatars can effectively elicit a strong sense of social 
presence [12]. 

 

Fig. 2. Mechanistic Framework of Avatar Effects on Learning Outcomes 

C. Core Theories 

1）Embodied Cognition Theory 

Embodied cognition posits that cognitive processes are 
deeply dependent on the physical characteristics of an agent’s 
body. This means that bodily features external to the brain (such 
as perceptual systems, motor systems, bodily form, and ways of 
interacting with the environment) play significant causal or 
constitutive roles in cognitive processing. Cognition does not 
occur solely in the brain but is the product of the dynamic 
coupling of brain, body, and environment [20]. This theory 
provides a crucial analytical framework for understanding how 
users learn and construct meaning through digital avatars as 
proxy bodies [21]. 

2）Social Presence Theory 

Social presence theory suggests that a medium’s capacity to 
convey social cues directly affects users’ perception of each 
other’s presence [22]. In educational technology, this perception 
has been confirmed as a key factor predicting online learner 
satisfaction and engagement [23]. As media evolve towards VR, 
the theory has been refined into a multidimensional framework 
encompassing "co-presence," "psychological involvement," and 
"behavioral engagement," providing nuanced analytical tools for 
assessing users’ social experiences in immersive environments 
[24]. Therefore, social presence is a core theoretical lens for 
examining whether virtual avatars can serve as effective social 
partners to facilitate instructional interaction. 
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3）Illusion of Body Ownership 

The illusion of body ownership is a key theory for 
understanding user acceptance of virtual avatars. The classic 
"rubber hand illusion" experiment demonstrated that when 
synchronous tactile-visual stimulation is applied to a hidden real 
hand and a visible rubber hand, individuals perceive the external 
object as part of their own body [25]. This mechanism based on 
multisensory integration extends into VR: when users see a 
virtual body synchronized in real-time with their own 
movements through a headset, they experience a strong sense of 
body transfer, feeling that the virtual avatar belongs to them [26]. 
This theory provides the fundamental principle for designing 
VR educational avatars that effectively establish user body 
ownership. 

4）Proteus Effect Theory 

The Proteus Effect posits that the characteristics of a user’s 
virtual avatar can influence their behavior and attitudes [27]. 
Research indicates that individuals tend to adapt their behavior 
and self-perception to align with the traits of their avatar. For 
example, embodying an attractive avatar can boost users’ 
confidence and promote greater engagement and task 
performance in learning contexts [28]. This theory offers an 
important lens for understanding how avatars shape motivation 
and behavioral change in educational VR settings. 

D. Avatar Design 

Current avatar design primarily focuses on three aspects: 
visual presentation, interactive functionality, and socio-
psychological considerations. 

In visual presentation, the dragon avatar’s non-human 
appearance was designed with features like wings and a tail, 
enhanced by dynamic bones and inverse kinematics to create 
natural movement. This visually coherent design aimed to 
strengthen immersion in the learning environment [10]. Junga et 
al. found that realistic hand representation significantly 
increased users’ glove usage in VR medical training, indicating 
that visual realism helps reinforce training of hand-related 
medical behaviors [14]. 

In the interactive functionality dimension, avatars should 
support natural, consistent interaction and action mapping. In 
immersive VR, users control a "dragon" avatar with unique 
gestures and movements. By performing physical activities that 
are semantically aligned with vocabulary, strong episodic 
memory traces are established, making the learning process 
efficient and engaging [10]. Effective VR interaction design 
enables learning through congruent hand gestures and controls. 
Gestures well-mapped to the content enhance learner agency, 
ownership, and knowledge retention [29]. 

In socio-psychological aspects, encouraging the creation of 
authentic self-representational avatars helps maintain academic 
performance and self-efficacy, avoiding potential anxiety 
triggered by idealized or future-self designs [30]. Additionally, 
matching avatar gender characteristics with learners can 
enhance social identity, foster social connection, and thereby 
improve learning outcomes [31]. 

IV. DISCUSSION 

A. What are the Application Scenarios and Effects of Virtual 

Avatars in VR Education? 

In VR education, avatars play different roles and are applied 
to various educational scenarios to produce corresponding 
learning effects. In language education, avatars as body 
extensions and creative media effectively promote oral presence, 
experiential vocabulary learning, and language application skills 
[10][11]. In teacher training, avatars enhance teacher relational 
competence, instructional skills, and self-efficacy through 
simulated teacher-student interaction [12][13]. In medical 
education, by serving as interactive media, avatars enhance 
procedural efficiency, offer real-time feedback and instructional 
support, and thereby improve learners’ clinical skills and 
knowledge retention [14]. In STEM education, avatars enhance 
learning engagement, cognitive understanding, and skill 
performance by providing embodied, immersive experiences 
that increase student confidence and interest [15]. In summary, 
avatars promote skill internalization, knowledge retention, and 
emotional identification through creating low-risk, highly 
immersive simulated scenarios with embodied interaction and 
immediate feedback. 

B. What are the Underlying Mechanisms through which 

Avatars Produce Effects in VR Education? 

Virtual avatars primarily influence learning outcomes 
through three interrelated mechanisms: cognitive, affective-
motivational, and social interaction. Cognitively, avatars 
promote knowledge understanding and memory retention by 
enhancing embodied cognition and providing immediate visual 
feedback [15][16]. However, poor avatar design can increase 
learners’ cognitive load and inhibit learning effectiveness 
[17][18]. In terms of affect and motivation, well-designed 
avatars enhance environmental realism and appeal, thereby 
stimulating intrinsic motivation, interest, and self-efficacy, 
providing a positive psychological foundation for learning 
[11][12][17]. Socially, avatars serve as interaction media that 
promote collaboration, dialogue, and knowledge co-
construction, while enhancing social presence to improve 
learning outcomes [11][13][19]. In conclusion, understanding 
these mechanisms is crucial, and future research should focus on 
their interaction effects across different educational contexts. 

C. What are the Core Theories Related to Avatars? 

Most avatar-related research focuses on four core theories: 
embodied cognition, social presence, the illusion of body 
ownership and the Proteus effect. Embodied cognition theory 
posits that cognition depends on body-environment interaction, 
with avatars as proxy bodies promoting knowledge construction 
through embodied action [20][21]. Social presence theory 
emphasizes that avatars convey social cues that foster a sense of 
presence, which is crucial for promoting instructional 
interaction and emotional engagement [22][23][24]. The 
illusion of body ownership theory explains at the perceptual 
level how users come to identify with a virtual body as their own 
through multisensory synchronization, forming the foundation 
for other effects [25] [26]. Proteus effect further reveals that 
avatar characteristics shape user behavior and self-perception, 
providing a motivational and behavioral lens for understanding 
avatar-based learning [27] [28]. These four theories 
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systematically elucidate the mechanisms of avatars in VR 
education from cognitive, social, perceptual, and behavioral 
perspectives. 

D. Which Aspects of Avatar Design do Existing Studies Focus 

on? 

Existing avatar design research focuses on three main 
aspects. In visual presentation, avatar visual design should 
adhere to the principle of visual consistency to enhance 
immersion [10], while it should balance realism and interaction 
cues to enhance embodied cognition and behavioral training 
effectiveness [14]. In interactive functionality, ensure that the 
avatar’s gestures and movements are semantically clear and 
closely aligned with the learning content to enhance the learner’s 
sense of embodiment, episodic memory and memory retention 
[10][29]. Regarding socio-psychological aspects, avatars 
representing authentic self help maintain self-efficacy [30]. 
Furthermore, customizing avatars to match learners’ social 
attributes such as gender can strengthen the avatar-self 
connection and influences their motivation and behavior [31]. 
Taken together, effective avatar design should follow an 
integrated principle of visual guidance, interaction 
reinforcement, and psychological matching to synergistically 
improve VR learning outcomes. 

V. CONCLUSION 

This study conducted an in-depth analysis of 15 included 
articles, systematically reviewing the progress of research on 
virtual avatars in VR education. The findings reveal that virtual 
avatars are widely used in scenarios such as medical education, 
language learning, and teacher training, primarily influencing 
learning outcomes through cognitive, affective-motivational, 
and social interaction mechanisms. Their theoretical foundations 
include embodied cognition, social presence, the illusion of 
body ownership and the Proteus effect. Existing research 
predominantly focuses on design dimensions such as visual 
presentation, interactive functionality, and socio-psychological 
aspects, yet theoretical integration and investigation of 
mechanism interactions require further deepening. Future avatar 
research should strengthen contextualized design, better 
integrate theory with empirical evidence, and explore intelligent 
technologies enabled by new advancements to drive VR 
education towards more efficient and immersive development. 
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